Background: Concerns have been raised regarding late mortality, particularly from late stent thrombosis, from drug-eluting stents (DES). Randomized clinical trials have shown that DES decrease restenosis but do not decrease mortality compared with bare metal stents (BMS). These studies utilized well-defined clinical and angiographic subsets. In the ''real world'' drug-eluting stents are used in a much broader crosssection of patients. We evaluated mortality in the first year after implantation of DES, specifically the sirolimus-eluting stent (SES), Cypher vs. BMS in ''real world'' older patients using the Medicare claims database. Methods and Results: Data for the years 2002 (n 5 6,890; pre-DES) and 2003 (n 5 7,566; first year of DES use) (May through December of each year) were analyzed. BMS and DES groups had similar baseline characteristics except for small but significant differences with BMS patients being somewhat older, having more males and African Americans, and a higher percentage of peripheral artery disease and heart failure while DES patients had a higher percentage of diabetics and patients with prior revascularization procedures. A significant improvement in mortality using both unadjusted and adjusted analyses was observed for DES (6.0% vs. 11.4%, P < 0.0001; hazard ratio 1.98, 95% CI 1.68-2.34). Controlling for comorbidity, extent of disease, and other chararacteristics by multivariable analysis or by propensity analysis had little impact on these results. On the other hand, there was no change in overall mortality in all stented patients in 2003 compared with all stented patients in 2002. Conclusion: An observed mortality benefit for DES compared with BMS in 2003 was observed, demonstrating the safety of DES, and suggesting the possibility of superiority in outcome in older patients with DES vs. BMS. However, the lack of improved survival from 2002 to 2003 in all stented patients suggests that the mortality advantage with DES finding may be due to unidentified selection biases. Our data suggest that DES in the Medicare population is as safe as, and possibly superior, to BMS for survival over the first year after implantation. '
INTRODUCTION
The introduction of drug-eluting stents (DES) in April 2003 has been described as a ''transforming'' event because it has significantly changed clinical practice [1, 2] . Randomized trials have demonstrated a marked reduction in long-term restenosis after DES compared with bare metal stents (BMS) with comparable mortality [3] [4] [5] [6] . These studies have compared well defined clinical and angiographic subsets. ''Real world'' DES use is much broader with as many as 50% or more of stented patients being ''off-label,'' i.e. patients being stented with clinical or angiographic features not well studied in randomized trials [7] . Further, ''off-label'' patients have shown an increased frequency of adverse outcomes compared with patients who would have been eligible for randomized clinical 1 trials [7] . Recently there have been concerns raised about the risk of late myocardial infarction and death from stent thrombosis [8] [9] [10] . We examined the effect of DES vs. BMS on mortality during the first year after stent implantation using the population-based Medicare claims database in 2003, the first year of Medicare coverage of DES [11] . We also evaluated the mortality of BMS from 2002 and compared these results to 2003.
PATIENTS AND METHODS

Data Source
Data were obtained from the 5% nationwide random sample of Medicare Denominator File and Standard Analytic Files (SAFs) from 2002 to 2004. The claims cover services for hospitalizations, outpatient services, and physician services (inpatient and outpatient).
Study Populations
It was assumed that all patients were admitted as inpatients for stent placement. Study cohorts were identified using International Classification of Diseases (ICD)-9 procedure codes for BMS (ICD-9 code 36.06) and DES (ICD-9 code 36.07 
Study Variables
Data on survival was obtained from the Medicare Denominator File. The mortality outcome was defined as death within 1 year following the date of coronary stenting. Patient covariates such as diabetes, chronic renal failure, heart failure, and peripheral vascular disease were identified from diagnoses recorded on hospital discharge abstracts by ICD-9 coding. With the exception of age, which was coded into discrete ranges, the patient covariates were coded into categories indicating its presence or absence.
Statistical Analysis
The primary purpose of the data analyses was to determine whether 1-year mortality differed significantly between DES and BMS patients on unadjusted analysis and after controlling for potential confounders [12] . We also determined whether 1-year mortality for all stented patients differed significantly between the year before the adoption of DES (only BMS being implanted) and the year of DES adoption. This analysis was followed by a Cox proportional-hazards model which controlled for risk factors while testing for differences in mortality between patients who received DES and BMS. Multivariable Cox proportional-hazards analysis was also used to compare mortality differences between patients who had stenting in 2002 and in the year of adoption of DES (2003 In an attempt to control for selection bias, a propensity score-matched multivariable analysis was performed. Propensity score analysis has been used as a method to balance covariates between the different treatment groups and reduce bias [13] . Propensity score was defined as the conditional probability of DES use. The predicted probability of receiving DES (propensity score) was estimated with a logistic regression model of all covariates. The propensity score was tabulated for each patient and categorized into five groups or strata of increasing score. After calculating the propensity scores, and stratifying each group according to the propensity score, we performed Cox analysis for each stratum using stent type groups and propensity score as covariates.
Finally, we performed sensitivity analyses to assess the potential effects of unmeasured confounders on the associations observed between mortality and different stent groups. The purpose of the method is to obtain a realistic picture of the potential impact of biases [14, 15] . The unmeasured confounder in our study could be unmeasured disease severity, difference in operator skill, unmeasured risk factors (e.g. tobacco use), and other factors. The prevalence of the unmeasured confounder(s) was set to different levels with both DES and BMS groups. Over the different prevalence levels, the hazard ratio (HR) between the unmeasured confounder and mortality ranged from 1.5 to 3.0. The range for the prevalence estimates and for the HRs was obtained by inspection of the prevalence and hazard associated with the measured confounders in this study. We then generated multivariate models (which included this unmeasured confounding variable) to determine the effect of unmeasured factors on the result.
All analyses were performed using SAS version 9.1 (Cary, NC). For all comparisons, a two sided value of P < 0.05 was considered statistically significant.
RESULTS
Study Population
There were Characteristics of the 2003 DES and BMS groups were similar except for the following (Table I) BMS patients were older, were more likely to be male and black, have peripheral vascular disease, and have heart failure. DES patients were more likely to be white, have diabetes, and have had a prior coronary revascularization. Figure 2 displays the 1-year survival curves of DES and BMS in 2003. Mortality at 1-year was higher for BMS than DES patients [11.4% vs. 6.0%, P < 0.0001; unadjusted HR 1.98, 95% CI 1.68-2.34] (Table II, To further address potential confounders, we performed propensity analyses. Those covariates that were statistically unbalanced between the DES and BMS groups as shown in Table I were adjusted with propensity score in the analysis. Patients were sorted into five equal groups by increasing probability of undergoing DES (propensity score) obtained from the multivariable logistic regression model containing all baseline characteristics. The 1-year mortality rate for each propensity score group for patients undergoing DES or BMS within each group is shown in Table III . The observed mortality rate remained higher in all five groups for the patients receiving BMS than DES.
Mortality by Stent Type
In the multivariable analysis using the Cox model with propensity score matching, the HR for 1-year allcause death was significantly higher in the BMS compared with the DES group (HR 1.83, 95% CI 1.56-2.16) (Table II, 
Mortality Assessment in Different Years
We reasoned that if the mortality rate was truly lower with DES than BMS, then the overall mortality rate of stenting procedures from May to December 2003 should be lower than the overall mortality rate from May to December 2002. In a Cox proportional hazards analysis controlling for all the factors included in Table II, 
Sensitivity Analysis
We also conducted sensitivity analyses to estimate the potential effect of unmeasured confounder(s) on the study results (Table IV) . The estimated prevalence and HR of an unmeasured confounder was based on the prevalence and HR of measured variables shown in Table IV . For example, if the prevalence of an unmeasured confounding variable was 80% in BMS and 20% in DES group, and the HR for mortality associated with this unmeasured confounder was 3.0, then the adjusted HR of mortality for BMS relative to DES would be 1.00 (95% CI 0.85-1.18) (Table IV) instead of 1.86 (95% CI 1.57-2.19), as shown in Table II . These analyses show that an unmeasured confounder could be responsible for the results obtained if it has a difference of 60% in prevalence between the two groups and if it is associated with an HR of 2.5 or greater.
DISCUSSION
We examined survival after stenting with DES vs. BMS in a population-based sample of patients using the Medicare claims database. A substantial improvement with DES compared with BMS in mortality in the first year of Medicare DES coverage (2003) was observed. Using multivariable analysis, adjusted for patient demographics and comorbidity, there was still a large, statistically significant improvement in survival with DES [adjusted HR 1.86, (95% CI 1.57-2.19); P < 0.0001 and the model including propensity score showed a HR 1.83, (95% CI 1.56-2.16); P < 0.0001]. These data suggest that in the ''real world'' of older (Medicare) patients, use of DES (vs. BMS) may produce a true survival advantage. This conclusion must be tempered, however, by the fact that overall mortality in stented patients in 2003 compared with 2002 was unchanged which suggests to us that the observed [16] [17] [18] [19] . Analysis of 6,906 patients in the DES cover registry showed that at 1 year, the unadjusted cumulative incidence of death was higher in BMS than in sirolimus-eluting stent patients (5.90 % vs. 3.10%; P 5 0.005). After adjustment, however, the risk of death was similar in the two groups [16] . We used statistical methods to adjust for demographic and clinical differences between groups, including propensity-score matching and stratification. However, we could not adjust for unmeasured variables between groups. In this large database, we did not have detailed angiographic data such as lesion type, length, location, number of vessels diseased, or prior restenosis. We also could not adjust for the socioeconomic status of the patients and the experience of the operators. Thus, the ability to adjust was not as robust as in a registry specifically designed to study the problem such as the DES cover registry. A single center American stent registry of somewhat more than 2,400 patients showed an improved 1-year survival with DES vs. BMS which, similar to our study, was unchanged by adjustment [17] . An observational analysis of 6,033 DES and 13,738 BMS patients (Swedish Coronary Angiography and Angioplasty Registry) showed a higher risk of death in the group with DES than in the group with BMS adjusted by propensity-score Cox regression analysis (RR, 1.18; 95% CI 1.04-1.35) [20] . At 6 months the risk of death was similar in the two groups. After 6 months, the risk of death became significantly higher in the DES group, with increased separation of the event curves over time (RR, 1.32; 95% CI 1.11-1.57) [20] . Four-year follow-up was recently presented which showed similar outcomes as opposed to the 2.5-year data [21] . A contemporaneous registry from a neighboring country to Sweden, Denmark, showed a different outcome with a significant improvement in survival with DES vs. BMS at the end of 1 year [19] . Adjusted mortality was similar in the two groups. Neither our study nor the above four registries have detailed information regarding the use of antiplatelet agents during follow-up which may account for some of the differences observed as discontinuation of dual antiplatelet therapy appears to be an important factor in developing late stent thrombosis [22] .
Randomized clinical trials have not shown a survival advantage with DES. In a meta-analysis of 11 clinical trials of 5,103 patients [23] , pooled mortality rate (6-12 month) was 0.90% for DES vs. 0.86% for BMS (OR 1.11, CI, 0.61-2.06). It is likely that the higher mortality in the current analysis and other observational data bases reflects the broader use of stents in the Medicare population than randomized patients where stent use was limited to a single stent in rather straightforward lesions versus use in a broader more complex set of lesions, often in multiple lesions, in patients with prior revascularization procedures, in older patients with multiple comorbidities. In another meta-analysis of 17 trials of 8,221 patients [24] , the OR for 1-year total mortality in patients treated with DES when compared with patients treated with BMS was 0.94 (CI: 0.66-1.34). A recent analysis of 14 randomized trials of 4,958 patients comparing sirolimus-eluting stents vs. BMS with mean follow-up interval of 12.1-58.9 months showed similar findings (HR 1.03, 95% CI 0.80-1.30) [18] . Thus, existing clinical trial data do not support the notion that DES decreases 1-year mortality compared with BMS.
Limitations of an Observational Study
Observational studies may provide important insights in evaluating new treatments. Although randomized, controlled trials are the ''gold standard'' for proof of therapeutic efficacy and safety, observational databases have been considered useful to determine whether efficacy found in controlled clinical trials translates into effective treatment in an unselected ''real world'' group of patients. Observational studies, however, have one crucial limitation: each patient's treatment is deliberately chosen rather than randomly assigned, so there is an unavoidable risk of selection bias and of systematic differences in outcomes not necessarily attributable to the treatment itself. Although statistical techniques such as multivariable analysis, stratification, matching, and propensity analysis are used to ''control'' for potential biases, it is difficult to totally eliminate the effect of confounders [25] . We should keep in mind that all standard risk-adjustment methods, including multivariable analysis and propensity score methods, have the same limitations regarding removal of unmeasured treatment selection biases [25] . Although our data are reassuring that DES appears safe over the first year after implantation, our report should also serve as a warning in relying on retrospective observational data-no matter how large the sample sizewhen comparing outcomes of DES vs. BMS because of potential selection biases.
There are many examples in the medical literature of observational data, often from multiple studies with large sample sizes, which have led to erroneous conclusions, and which were subsequently corrected in randomized controlled trials. Recent examples include the use of estrogen to decrease cardiovascular risk in postmenopausal women, vitamin E to prevent cardiovascular events, and the combination of beta carotene and vitamin A to prevent lung cancer [26] [27] [28] [29] . Even the largest and best observational studies may provide the wrong answer if there are confounding unrecognized or unrecorded risk factors.
In conclusion, recent reports have questioned the long-term safety of DES. Using observational data from a large administration database of older patients, DES appeared to be as safe as, and possibly safer than BMS. Larger ''real world'' experience and more longterm controlled data will be useful in placing DES in its proper place in the treatment of coronary disease.
